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Research Center (CERC). 


The report was prepared by Allan E. DeWall, Geologist, under the 
supervision of Dr. C. Galvin, formerly Chief, Coastal Processes Branch, 
Research Division. 


Data collection was accomplished by the Survey Branch, U.S. Army 
Engineer District, New York, under the direction of W. Muszak, as part 
of the CERC Beach Evaluation Program (BEP) under the successive super- 
vision of J. Caldwell, J. Darling, C. Galvin, C. Everts, and A. DeWall. 
Data reduction and analysis were accomplished with the assistance of 
B. Sims, J. Buchanan, M. Czerniak, W. Seelig, M. Fleming, T. Lawler, 

L. Adkinson, E. Kohler, J. Jones, P. Campos, F. Weinman, and J. Headland. 
Spectral analysis of wave gage data was done by the Coastal Oceanography 
Branch. 


Special thanks are extended to the wave observers, including students 
of Southampton College, under the direction of Professor C.L. McCormick; 
F. Zimmer and N. Ackerson of the Long Island State Park Commission; M. 
Stephenson, C. Douhan, and J. Keller of the Fire Island National Seashore; 
and Chief Hickson of the Suffolk County Parks Commission. The author 
acknowledges and appreciates the helpful review comments from Dean M.P. 
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) 
UNITS OF MEASUREMENT 


U.S. customary units of measurement used in this report can be converted 
to metric (SI) units as follows: 


Multiply by To obtain 


inches 25.4 millimeters 
2.54 centimeters 
Square inches 6.452 Square centimeters 
cubic inches 16.39 cubic centimeters 
feet 30.48 centimeters 
0.3048 meters 
square feet 0.0929 square meters 
cubic feet 0.0283 cubic meters 
yards 0.9144 meters 
square yards 0.836 square meters 
cubic yards 0.7646 cubic meters 


niles 1.6093 kilometers 
square miles 259.0 hectares 


knots 1,852 kilometers per hour 

acres 0.4047 hectares 

foot-pounds 1.3558 newton meters 

millibars 1.0197 x 10°? — kilograms per square centimeter 
ounces 28.35 grams 


pounds 453.6 grams 
0.4536 kilograms 


ton, long 1.0160 metric tons 
ton, short 0.9072 metric tons 
degrees (angle) 0.01745 Tradians 


Fahrenheit degrees 5/9 Celsius degrees or Kelvins! 


1To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
use formula: C = (5/9) (F -32). 


To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.15. 


BEACH CHANGES AT WESTHAMPTON BEACH, NEW YORK, 1962-73. 


by 
Allan E. DeWall 


I. INTRODUCTION 


Beach changes observed during repeated surveys at Westhampton Beach, 
New York, conducted by the Corps of Engineers from 1962 to 1973, are 
analyzed as part of the U.S. Army, Coastal Engineering Research Center 
(CERC) Beach Evaluation Program (BEP) (formerly known as the Pilot Program 
for Improving Coastal Storm Warnings or Storm Warning Program). The BEP's 
objective is to measure beach and dune changes due to erosion and accre- 
tion at selected localities and relate these changes to the coastal pro- 
cesses producing them. The BEP was a direct outcome of investigations 
into the effects of the Great East Coast Storm of March 1962 (see U.S. 
Congress, 1962). Twelve beaches in the region hardest hit by that storm 
(Massachusetts to North Carolina) are presently under study in this pro- 
gram. The surveying at Westhampton Beach is coordinated by CERC; the 
U.S. Army Engineer District, New York, is responsible for the fieldwork. 


This report presents an analysis of beach profile changes at West- 
hampton Beach, documents the precise location of the surveyed profile 
lines, and describes the survey procedures used and accuracy obtained 
in repetitive surveys to wading depth. 


Profile changes are analyzed in three parts: (a) short-term changes, 
including storm-induced changes and other changes between surveys; (b) 
long-term changes, including seasonal and yearly changes; and (c) some 
effects of a groin field and beach fill constructed during the study 
period. The variables analyzed include the mean sea level (MSL) shore- 
line position and the volume of sand stored on the beach above the MSL 
datum. Apparent trends in beach changes are correlated with observed 
wave conditions. 


Volumetric change data to -6 meters MSL obtained before, during, and 
after groin construction are also presented (U.S. Army Engineer District, 
New York, 1976). 


Metric units are used throughout this report except for specifications 
in data collection and computer processing where U.S. Customary units are 
given with the metric equivalent. 


II. STUDY AREA 


Westhampton Beach is a barrier island located on the south shore of 
Long Island, approximately 120 kilometers northeast of New York City 
(Fig. 1). The barrier island is 22 kilometers long, and ranges from 
150 to 800 meters wide. The island is bounded on the east by Shinnecock 
Inlet and on the west by Moriches Inlet, and is separated from the Long 
Island "mainland" by the shallow Shinnecock and Moriches Bays and by 
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Figure 1, Location map. 
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dredged canals in the center part. The island encompasses the village 
of Westhampton Beach, the communities of Tiana Beach and Quogue, and the 
Copsoque Beach Park. 


The geomorphology and geologic history of the south shore of Long 
Island have been summarized in Beach Erosion Board (1960), Taney (1961a), 
U.S. Army Engineer District, New York (1963, 1969), and Heikoff (1976). 


Since the shoreline of Westhampton Beach trends N. 70° E., it is par- 
allel to wave crests coming from the south-southeast. The ocean b-aches 
consist of medium to coarse grain (0.3 to 1.2 millimeters or 1.7 to -0.3 
phi; Taney, 1961b) quartz sand and are approximately 75 to 125 meters 
wide from the frontal dune to the mean low water (MLW) shoreline (Figs. 

2 and 3). Maximum dune elevations range from 4.6 to 7.6 meters above 
MLW, with the higher elevations occurring on the eastern profiles. 


Tides are semidiurnal with a mean range of 0.9 meter and a spring 
range of 1.1 meters. Mean wave height, from visual breaker observations 
between 1968 and 1973, is 0.73 meter; mean period is 8.1 seconds. 


The direction of net longshore sand transport is from east to west and 
the average net rate has been estimated to be about 230,000 cubic meters 
per year at Shinnecock and Moriches Inlets (U.S. Army Engineer District, 
New York, 1971). Net transport rates decrease eastward along the south 
shore of Long Island due to increasing exposure to waves from the southwest. 


Twin jetties were constructed between 1947 and 1954 at both Moriches 
and Shinnecock Inlets, together with revetments along the west shore of 
each inlet. The jetties at Shinnecock Inlet were completed about 2 years 
before those at Moriches Inlet. Three separate dune-fill projects on 
Westhampton Beach were completed by the State of New York in 1951, 1958, 
and 1967. The last two projects amounted to 116,000 and 76,000 cubic 
meters of fill, respectively. Additional work by the State and Federal 
Governments included dune reconstruction after a major hurricane in 
September 1938, emergency closure of breaches in the barrier opened in 
1954 (Hurricane Carol) and during the 6, 7, and 8 March 1962 northeaster 
(vicinity of profile line 7, Fig. 4), construction of a field of 15 groins, 
and associated beach fill. A total of 864,000 cubic meters of fill mate- 
rial, with median grain size of 0.35 millimeter, was placed along the beach 
front after the March 1962 storm. 


Groin construction was accomplished in two phases (Table 1 and Fig. 
4). Eleven groins were constructed between profile lines 5 and 8 during 
July 1965 to October 1966. The groin field was extended 1,800 meters 
westward with an additional four groins between August 1969 and July 
1970. These additional groin compartments were filled with a total of 
1.9 million cubic meters of dune and beach fill, placed during 15 March 
to 23 May 1969 and 27 to 31 October 1970. 


III, DATA COLLECTION PROCEDURE 


A total of 20 profile lines was established along azimuths perpen- 
dicular to the local shoreline (Fig. 4). Profile lines 1 to 11 were 
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Figure 2. View east from profile line 1 (see Fig. 4), 
6 September 1974. 


Figure 3. View west from profile line 7 (see Fig. 4), 
6 September 1974. 
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q Table 1, Westhampton Beach groin construction schedule. ! 


Station Started 
ee eee 


460 + 84.87 7 July 1965 


Groin No. Completed 


2 472 + 74.16 | 13 Apr. 1966 | 13 Oct. 1966 
3 484 + 66. 15 June 1965 2 Mar. 1966 
4 495 + 77. 24 Nov. 1965 | 30 June 1966 . 
5 509 + 38. 26 May 1965 | 24 Jan. 1966 
| 6 S21 + 42. . 1965 | 28 July 1966 
| 7 535 + 42. 7 May 1965 | 31 Jan. 1966 
| 8 547 + 83. . 1965 | 13 Sept. 1966 
9 559 + 52. . 1965 | 29 Sept. 1965 
10 572 + 63. . 1965 | 12 May 1966 
11 584 + 98. . 1965 | 27 July 1965 
12 600 + 34. 1969 | ------- * 
13 615 + 25-0) | BS aug. teo | « - - - - -< - 
| 14 628 +50 | 22 Oct. 1969 | --~--- - 
{ 15 643 + 75 . 1969 | - - - - - - se = 


lpData from U.S. Army Engineer District, New York. 


3Groin stationing is reported in feet along the U.S. Army 


2Numbered from east to west. 
! Engineer District, New York, baseline. 


} ‘Individual completion dates for groins 12 to 15 are not 
available; construction time was reportedly similar to groins 
' 1 to 11, and all four groins were reportedly completed by 
24 July 1970. 4 


established at approximately 1.5-kilometer intervals in 1962. Profile 
lines 12 to 20 were established in 1972 and located within and just up- 
drift of the two easternmost groin compartments. These profile lines 
were spaced at an average interval of 92 meters. In 1974, concrete 
monuments with standard brass Corps of Engineers' discs were placed on 
each profile line. Each monument was referenced horizontally to the 
State plane coordinate system (Long Island Lambert) and vertically to a 
local MLW datum (approximately 0.43 meter below mean tide level) estab- 
lished by the New York District. Monument documentation is given in 
Appendix A. 


Profile surveys were collected by professional surveyors from the 
New York District, using the transit and stadia method (Fig. 5). Surveys 
were conducted along the established profile lines, starting in the vicin- 
ity of the primary dune crest and continuing as far seaward as a rodman 
could safely wade. At low tide, when surveys were usually scheduled, the 
profiles generally crossed the MLW datum. Onshore winds or high waves 
occasionally kept the rodman from reaching the MSL elevation. Occasion- 
ally, an amphibious vehicle (LARC V) was used to carry the rodman along 
the seaward part of the profile line (Fig. 6). 


Only one instrument setup per profile was usually made. If, at the 
seaward end of the profile, the stadia rod was too low to be sighted when 
leveling, the rodman often used the "booting" method to get the needed 
elevation by placing the bottom of the rod at a premeasured elevation 
(such as the rodman's boot top or belt), which would bring the top of 
the rod back into the level line-of-sight. 


The surveyed points defining the profile were recorded to the nearest | 
0.1 foot (0.03 meter) in distance and to the nearest 0.01 foot (0.003 
meter) in elevation. For analysis purposes, these values were reported | 
to the nearest 1.0 foot (0.3 meter) for distance and 0.03 meter for 
elevation. Points were surveyed approximately every 8 to 15 meters 
and at every visible change in slope. 


The data obtained during the 1962-68 period were recorded in standard 
surveyor's field notebooks and plotted at a scale of 1:60 vertical and 
1:600 horizontal. The 1969 to 1973 data were transcribed from the field 
notebooks to optical scanner forms. 


The frequency of surveys ranged from weekly to quarterly, but they 
were generally done on a near-monthly schedule (Fig. 7). During each of 
the winters of 1967-68, 1968-69, and 1969-70, a series of 10 weekly sur- 
veys was made on profile lines 1 to 11. An attempt was also made to sur- 
vey all lines immediately after significant coastal storms. 


During the winter months of 1968 to 1974, rows of pipes were jetted 
into the sand at surveyed points along profile lines 4 and 8. Weekly 
sand level measurements were made by volunteer observers as a supplement 
to the instrument surveys. This project and an analysis of the first 
season's data are discussed in Urban and Galvin (1969). 
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Figure 5. Transit and stadia board used for profile surveys. 


Figure 6. Rodman using LARC V to obtain surf zone bottom elevations. 
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Figure 7. Frequency of surveys at Westhampton Beach. 
IV. DATA ANALYSIS 


Copies of the hand-plotted profiles from 1962 to 1968 were digitized 
at each of the surveyed points using an Auto-Trol 3400 digitizer and the 
resulting data were stored on magnetic tape. Data collected after 1968 
were transcribed directly to optical scanner forms (International Business 
Machines Corporation, 1968) and converted to punchcards automatically. 
Hand-plotted data were edited for unreasonable values before digitizing. 
However, it was necessary to edit the directly coded data before storage 
on magnetic tape. Data corrections were verified with the original sur- 
vey books or by the surveyors, rather than being arbitrarily made in the 
office. The basic data for this report are tabulated in Appendix B. 
Distances (feet) are referenced to the profile line bench mark and 
elevations (feet) are referenced to the MLW datum. 


- The profile data were analyzed for changes in MSL shoreline position 
3 (App. C) and changes in unit volume between surveys (App. D). For pur- 
poses of analysis, all profile changes were referenced to conditions on 
the "initial survey date.'' The initial survey dates for profile lines 1 
to 11 and 12 to 20 were 11 October 1962 and 9 August 1972, respectively. 
} The distance-elevation coordinates of the MSL-contour intercept with the 
initial survey on each profile line were then redefined as the origin 
(0.0) of a new coordinate system to which all subsequent surveys were 
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referenced (Fig. 8). Negative distances indicate stations landward of 
the MSL-intercept with the initial profile; positive distances indicate 
seaward stations. 


For a profile crossing the MSL elevation, the MSL-intercept was 
linearly interpolated. When a profile did not cross the MSL elevation, 
but reached the +2-foot MSL elevation, the MSL-intercept was determined 
by extrapolating the profile along the slope defined by the two seaward- 
most surveyed points on the profile. 


The cross-sectional area under each profile was computed. This area 
is bounded by three lines: (a) a vertical line projected from the land- 
wardmost distance common to all surveys on a given profile line, (b) a 
horizontal line at the MSL elevation, and (c) the surveyed profile. The 
calculation was accomplished by summing 1-foot horizontal slices through 
the area under the profile (Fig. 9). The area change from the initial 
survey was then computed by subtracting the initial profile area from 
each subsequent profile area. Cross-sectional areas were computed in 
square feet and then converted to unit volume in cubic meters per meter 
of shoreline (1 cubic meter per meter = 10.8 cubic feet per foot). Areas 
were not computed under those profiles not reaching the +2-foot elevation 
at the seaward end. 


A time-history plot in Appendixes C and D identifies dates of profile 
surveys, documented storm events, groin construction, and beach fill, 


The plots in Appendix E are profile envelopes; i.e., the plots show 
two lines drawn through the upper and lower extremes of the surveyed 
sand elevations on each of the profile lines. The envelope of extremes 
usually contains points from many different surveys, rather than trace 
a particular eroded or accreted profile found during one survey. 


V. RESULTS 


During the ll-year study, 1,291 profile line surveys were collected. 
Surveys were scheduled monthly (or more often) for the first 18 months 
(Fig. 4). This frequency dropped to (approximately) quarterly surveys 
during 1964 to 1967. From 1968 to the end of the study, the data collec- 
tion effort was concentrated during the winter months when there was a 
higher probability of the occurrence of northeasters. Scheduled surveys 
were generally bimonthly during the calmer weather of late spring to 
early fall. 


The profile changes analyzed in this report are grouped by short-term 
and long-term changes. Short-term changes are changes measured between 
surveys; i.e., changes which occur over an interval of a few hours or days 
(in the case of storms) or over a few months (in the case of seasonal 
changes). Long-term changes that can be identified in the profiles in- 
clude the yearly changes and may suggest longer term trends reflecting 
a relative rise in sea level and barrier island migration. 
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Figure 8. Profile coordinate system. 
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Figure 9. Definition of MSL shoreline change and subaerial unit 
volume change. 


Changes in the MSL shoreline position and unit volume for profile 
lines 1 to 11 during the study period are summarized in Figure 10. The 
same changes also appear in Appendixes C and D, with distances and vol- 
umes referenced to the MSL position and beach volume in October 1962. 
These data show alternating intervals of accretion and erosion through- 
out the study, with only small net changes on the profile lines away 
from the influence of the groin field. The changes on profile lines 5 
to 9 are a result of the groin field and artificial fill. Profile lines 
1 to 4 are presumably undergoing more "natural" changes, although these 
changes may also be caused by the groin field. The U.S. Army Engineer 
District, New York (1976) has suggested that the changes measured on the 
easterly profiles are influenced by the placement of dredged material 
from the Intracoastal Waterway, which runs along the north side of the 
barrier island. However, the quantities and extent of dredged-material 
placement are not well documented. 


1. Short-Term Changes. 


Twenty-eight pairs of profile surveys were made shortly before and 
after significant coastal storms (Table 2). Typically, these storms are 
winter northeasters—extratropical low-pressure systems which develop in- 
land, strengthen as they reach the coast, and then move fairly rapidly 
toward the north-northeast. The storms listed in Table 2 are not the 
only storms which occurred during the study, and may not even include 
the most damaging storms. For example, the majority of the listed storm 
changes occurred during the three scheduled 10 weekly surveys (17 of 28 
storms). The table also shows that very few surveys were made immediately 
after storms. Since there is often a very rapid recovery of the beach 
immediately after storm erosion, the changes shown in Table 2 are con- 
sidered to be conservative estimates. 


A detailed analysis of the 17 December 1970 storm (a moderate north- 
easter) and its effect on the profile lines at Westhampton Beach is pre- 
sented in DeWall, Pritchett, and Galvin (1977). The September 1967 storm 
(Hurricane Doria) generated coastal waves up to 4.6 meters in height, as 
measured by the CERC wave gage at Atlantic City, New Jersey (Fig. 1). 


The beach profile change data in Table 2 are average values of the 
change in MSL position and unit volume above MSL for profile lines 1 to 
11. Changes by profile line for each of the storms are plotted as histo- 
grams in Figure 11, which clearly shows that for any given storm both 
accretion and erosion occurred at different profile lines. The figure 
also shows that a given profile line may have undergone significant ero- 
sion during one storm and significant accretion during another. The 
greatest amount of erosion that was measured resulted from the storms of 
March 1973, 18 February 1969, February 1972, and September 1967 (Hurri- 
cane Doria). 


Two storms during 7 to 12 November 1968 caused considerable property 


damage near profile line 8 (Fig. 12), but are not included in Table 2 
because the prestorm survey was in March 1968. During the interval 27 
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Figure 10. Changes in shoreline position and unit 
volume at Westhampton Beach, New York. 
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Storm-induced changes at Westhampton Beach. 
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March to 19 November 1968 the shoreline at profile line 8 eroded 18 
meters. It is not known what percentage of this erosion was due to the 
November storms, since the profile was still adjusting to the groin which 
was constructed 75 meters updrift in 1965. A total of 562,700 cubic 
meters of sand was lost from the 1,800-meter reach west of the 11-groin 
field due to the 12 November 1968 storm (U.S. Army Enginee~ District, 
New York, 1969). Based on poststorm inspections and exami. tion of air 
photos, it was reported that the November 1968 storms caused the most 
damage during this study period (G.K. Nersesian, Chief, New Jersey 
Planning Group, U.S. Army Engineer District, New York, personal communi- 
cation, June 1978). 


Other than storms, the significant short-term profile changes meas- 
ured are directly attributable to groin construction and beach-fill 
events. Losses similar to the large losses previously noted on profile 
line 8 also appear on profile lines 7, 8, and 9 after completion of the 
first field of groins (Apps. C and D). During the 2-year period after 
groin construction, the shoreline at profile line 8 eroded at 20 meters 
per year, and the unit volume loss was 9 cubic meters per meter per 
year. These losses confirm that the groins were effectively trapping 
littoral drift being transported to the west. 


The large gains in sand volume observed on profile lines 8 and 9 
represent the two beach-fill projects in 1969 and 1970. The emergency 
fill placed during March, April, and May 1969 is quite apparent on pro- 
file line 8 (App. D). The time of this fill coincides with a period of 
natural accretion observed on most of the other profiles. The second 
and much larger fill project (27 October 1969 to 31 October 1970) was 
in conjunction with the construction of groins 12 to 15 (Fig. 4 and 
Table 1). This fill totaled 1,490,000 cubic meters of material (deter- 
mined from surveys in the borrow area) placed over 1,800 meters of shore- 
line. Since the borrow area was in the lagoonal sediments of Moriches 
Bay, not all fill material was of suitable sand size. Before-and-after 
surveys of fill on profile lines 8 and 9 indicate that at least 175 cubic 
meters per meter of material was placed on the beach above MSL. Since 
the surveys did not include all of the dune profile, this value is a 
minimum. 


2. Long-Term Changes. 


In addition to the short-term changes, which are often quite large, 
the data in Figure 10 suggest that the profiles undergo seasonal cyclic 
changes and also a longer term net change which may or may not be cyclic. 


Figure 13 shows the monthly average MSL shoreline position and unit 
volume for each of the profile lines. The 'zero'' MSL position and unit 
volume in the figure represent the mean of the monthly averages for each 
profile line. These data show that changes are actually seasonal with 
the least anount of sand on the beaches from January to May and the most 
sand on the beaches from June to December. However, relatively few sur- 
veys were made in summer, and the data shown in the figure for July are 
based on only three surveys over the 11 years (1963, 1964, and 1967); 
therefore the data may be less representative of average summer conditions. 
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Figure 13. Monthly mean shoreline position and 
unit volume at Westhampton Beach. 
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Table 3 shows the rates of change for profile lines 1 to 11 during 
the interval 1962-73. These change rates were computed by the least- 
squares method and indicate that with the exception of profile line 10, 
all profile lines had a net accretion above MSL over the 11-year interval. 


Table 3. Rates of 
Profile line Distance from 
profile line 1 


_{m)_ 


profile change on Westhampton Beach, 1962-73. 
Above MSL unit 
volume change! 


MSL shoreline 
change! 
| ta/yr) | n® /n/ yr) 


RPOWOMNAUAWNe- | 


2Within the area of direct placement of beach fill. 


3. Groin Effects. 


The profile change data in Figure 10 show that the groin field at 

Westhampton has effectively built up the beaches within and immediately 
updrift of the field (profile lines 5 to 9). After completion of the 
| first 11 groins, profile lines 5 and 6 began an accretionary trend that 
is in contrast to the first 3 years of the study when the net change was 
nearly zero. During the interval between completion of the first 11 
groins and completion of the last 4 groins, profile lines 8 and 9 showed 
an erosional trend, which was reversed and stabilized as a result of the 
beach fill and additional groin construction. A period of accretion on 
profile lines 1 to 4, which was generally coincident with accretion 
measured on profile lines 5, 6, and 7, may also be due to the groins 
but is interpreted as resulting from other causes. 


An independent set of survey data collected in the vicinity of the 

groin field by the U.S. Army Engineer District, New York, and which ex- 
, tended to below -18 feet (-5.5 meters) MLW, is summarized in Figure 14. 
| These data show a large amount of accretion occurring below MLW during the 
| period of construction. After completion of the first 11 groins, the three 
| easterly compartments continued to accrete; the westerly compartments lost 
a considerable amount of material. Most of the erosion occurred below the 
waterline while the above MLW profiles indicated accretion. The three 
t easterly compartments were reported to be filled and bypassing sand by 
1972 (G.K. Nersesian, personal communication, June 1978). 
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Net volumetric changes within groin compartments, 
easternmost 11 groins at Westhampton Beach (revised 
from U.S. Army Engineer District, New York, 1976). 
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The purpose for establishing profile lines 12 to 20 in 1972 was to 
determine the effects of the groins at various positions within the two 
easternmost compartments (Fig. 10). The changes in MSL shoreline posi- 
tion and unit volume for profile lines 12 to 20 are plotted in Figure 

15 and summarized in Table 4. The shoreline position in the figure was 
traced from aerial photos taken after the 19 February 1972 northeaster. 
The change rates in the table were computed by standard linear regression 
analysis. These data show that, of the three groins, only groin 1 is im- 
pounding sand on its east (updrift) side and losing sand on its west side. 
Since most of the impounded sand appears to be removed during periods of 
erosion, only a small net increase in unit volume occurred updrift of 
groin 1 between August 1972 and December 1973 (0.5 cubic meters per 
meter). Profile line 13, immediately downdrift of groin 1, has under- 
gone a net erosion with some recovery during the summer. Profile lines 
15 and 16 on either side of groin 2 both accreted, while the two profile 
lines immediately east of groin 3 showed a net erosion. During the 16- 
month interval the two compartments gained a total of 17,940 cubic meters 
of sand above MSL. The compartment bounded by groins 2 and 3 accreted at 
a rate 86 percent higher than the compartment bounded by groins 1 and 2. 
The rates of accretion measured on profile lines 14 and 18, located near 
the midsection of the two compartments, are significantly higher than the 
average rates for the compartments. Profiles away from the groin field 
showed little net change during the same period (Fig. 10). 


Table 4. Rates of profile changes within groin field, 1972-73. 
Profile line | Groin Distance from MSL shoréline Above MSL unit 
groin 1 change 


alyz) 


VI. DISCUSSION 


1. Profile Changes. 


Previous studies of profile changes at Westhampton Beach have deter- 
mined shoreline erosion rates of 2 to 3 meters per year for data collected 
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between 1940 and 1956 (Taney, 1961a; Beach Erosion Board, 1960). Taney 
has also shown that Westhampton Beach retreated at an average rate of 
0.6 meter per year for the interval between 1938 and 1956. This sug- 
gests that the accretionary period documented during this study is not 
typical of the long-term trend. Although much of the overall gain can 
be attributed to the trapping of littoral drift within the groin field 
and the placement of fill within the four westernmost groin compartments, 
significant accretion also occurred on five profile lines that are pre- 
sumed to be less influenced by the groin field (profile lines 1 to 4, 
and 11). The profile lines within the easternmost groin compartments 
and immediately to the east of the groin field generally showed the 
highest rate of nonfill related accretion. It is not known how much of 
this accretion might be due to a general recovery from the storm of 
March 1962. 


A natural accretionary trend, coincident with the construction of 
the Westhampton Beach groin field, is suggested by changes measured on 
profiles located 2 to 5 kilometers updrift and 3 kilometers downdrift of | 
the groin field. Erosional trends measured on profile lines 2, 3, 4, and | 
11 from 1962 to 1968 were reversed in 1969. The rapid shoreline advance 
observed on profile line 11 during 1972 may be a result of fill material 
migrating westward from the groin field. This material was apparently 
transported seaward of the shoreline at profile line 10 since there is no 
indication of it from the beach surveys on that line. Everts, DeWall, and ] 
Czerniak (1974) documented an alongshore migration of fill material 
placed on the beach at Atlantic City, New Jersey. Migration rates of 
the subaerial "hump"' or volume maximum resulting from two separate fill 
projects were 2 and 3 meters per day. If the 1972 accretion observed at 
profile line 11 on Westhampton Beach resulted from the 1970 fill, the 
rate of alongshore movement of the volume maximum from profile lines 9, 
10, and 11 would have been 4 meters per day. It is also possible that 
the general accretionary trend is due to artificial nourishment associ- 
ated with both the groin construction and with placement of material 
dredged from the Intra-coastal Waterway. 


2. Seasonal Changes and Wave Climate. 


Monthly mean wave height and period observations (from three sources) 
are summarized in Figure 16. The gage data are from a spectral analysis 
of 1,024-second digital records collected by CERC four times per day, 
using a pressure sensor located on the sea bottom, offshore of Southampton 
(Fig. 1). Visual observations of breaking waves on a near-daily basis by 
volunteer observers at Southampton and Westhampton indicate that the break- 
ing waves arrive more frequently from the southeast (from the left of 
shore-normal, to an observer on the beach) on a yearly basis. During the 
summer months the lower waves tend to arrive from the south-southwest, or 
slightly from the right of shore-normal. A comparison of these data with 
the average nonfill profile changes summarized in Figure 17 shows that, 
as expected, the higher steeper waves during the fall and winter months 
tend to remove sand from the beaches, while the lower less steep summer 
waves tend to rebuild the beaches. A partial beach recovery in December 
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appears to be coincident with the occurrence of longer waves during that 

month (Fig. 16). Figure 17 gives averages of the monthly mean shoreline 

position and unit volume data shown in Figure 13, excluding profile lines 

8 and 9. As discussed previously, the averages shown for July are based 

on only three surveys and may not be representative of average conditions. 

The surveys at Westhampton Beach have shown that short-term (less than 1 

year) fluctuations in beach width of at least 60 meters can be expected 

away from the influences of the groin field. Changes within and downdrift “ 
of a new groin field can be much greater. 


Profile envelope plots in Appendix E show the maximum excursions of 
‘the MSL shoreline and the maximum and minimum elevations measured along 
each profile line. The envelopes for profile lines 1 to 11 represent the 
"active" sand lens over the full 11-year study; the envelopes for profile 
lines 12 to 20 represent the active sand lens over the last year and a 
half of the study. The envelopes for profile lines 8 and 9 include the 
two beach-fill projects; envelopes for profile lines 5, 6, and 7 show 
the effects of impoundment by the groin field. 


3. Coastal Engineering Implications. 


The beach profile data in this report principally reflect the artifi- 
cial changes resulting from placement of the groin field and associated 
beach fill, which began in July 1965. Profile changes measured before 
the groin field construction were definitely influenced by both natural 
and artificial (dune and beach fill) recovery from the effects of the 
March 1962 northeaster. 


The data show that, on the average, the groin field and beach-fill 
projects have halted an erosional trend at Westhampton Beach. However, 
the groin field has also had the effect of focusing the erosion problem 
on the beaches immediately downdrift (west). After completion of the 
first 11 groins, the shoreline immediately downdrift of the westernmost 
groin eroded at a rate of approximately 28 meters per year. This condi- 
tion was halted by the placement of beach fill and the construction of 
additional groins. However, the problem was only moved to a new location— 
immediately downdrift of the extended groin field. In planning such a 
project, consideration must certainly be given to the potential for severe 
erosion and property damage at the downdrift end of a groin field. Sand 
that is removed from the longshore transport system and deposited within 
the groin field is replaced at the expense of the beaches and dunes imme- 
diately downdrift. A periodic, local beach nourishment scheme might be 
one way to maintain the shoreline position and protect the beach in this 
critical area. 


Visual observations of breaker direction suggest that reversals in 
net longshore transport direction occur during the months of June through 
September. Reversals in transport direction within the groin field have 
been documented by the U.S. Army Engineer District, New York (1969). 
Further evidence of reversal is shown by the changes on profile line 8 
during the summers of 1965 and 1966 after construction of groin 11 
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(Apps. C and D). During those two summers the shoreline at profile line 
8 accreted an average of 26 meters and the above MSL volume increased an 
average of 72 cubic meters per meter. Winter erosion more than equalled 
these amounts. However, profile lines 12, 15, 19, and 20, immediately 
to the east of groins, underwent erosion during the summer months in 
which they were surveyed. Profile lines 13, 16, and 17 on the west side 
of groins (Fig. 15), underwent significant accretion during the same 
summers. In planning the location and timing of beach nourishment, these 
seasonal reversals in transport direction must also be considered. 


VII. SUMMARY 


From 1962 to 1973, 1,291 beach profile surveys were collected on 20 
profile lines from the dune to wading depth at Westhampton Beach, New 
York. Frequency of surveys ranged from weekly to quarterly (Fig. 7). 
During the study, prestorm and poststorm surveys were made which docu- 
mented changes resulting from 27 moderate northeaster storms and 1 hurri- 
cane (Table 2). 


The largest changes measured (in order of decreasing severity) were 
during the storms of March 1973, February 1969, February 1972, and Sep- 
tember 1967 (Table 2; Fig. 11). The seasonal change in beach width for 
11 profile lines averaged 30 meters; the seasonal sand volume change 
above MSL averaged 56 cubic meters per meter (Apps. C and D). 


Beach change rates are separated into three categories: east of the 
groin field (profile lines 1 to 4), within the groin field (profile lines 
5 to 9), and west of the groin field (profile lines 10 and 11). During 
the 11-year study period, profile lines 1 to 4 accreted at a rate of 1.10 
meters per year MSL shoreline advance and 3.68 cubic meters per meter per 
year unit volume gain. Profile lines within the groin field had a shore- 
line advance of 3.45 meters per year and gain in unit volume of 11.92 
cubic meters per meter per year. These figures include directly placed 
beach fill. Profile lines west of the groin field showed a shoreline 
advance of 0.66 meter per year and a unit volume loss of 0.12 cubic meter 
per meter per year (Table 3). The changes on profile lines 1 to 4 are 
presumed to be the least influenced by the downdrift groin field and 
beach-fill projects. However, even these values include an unknown amount 
of material placed on the beach updrift (east) of profile line 1 from 
maintenance dredging of the Intracoastal Waterway. 


These data show that the groin field at Westhampton Beach is effec- 
tively trapping sand. During the last 18 months of the study the three 
easternmost compartments, which were essentially filled, were still 
trapping sand above MSL at an average rate of 18 cubic meters per meter 
per year (Table 4). During the same interval the beach downdrift of the 
groin field (profile lines 10 and 11) lost sand at an average rate of 
20.8 cubic meters per meter per year, with the shoreline retreating at 
6.7 meters per year. 
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a 
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16,00 
18.26 
1.98 
9.30 
4.04 
«30 
o8,44 
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3s 


eevy 
Time 


ecco 


oare 
savy 
Time 


170.00 
190004 
206200 
239.04 
270.0% 
390.00 
351.09 
607.00 


oare 
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170,04 
175.00 
190.00 
227.00 
266.00 
390008 
316.00 


363.00 


13,80 
16070 
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9.80 
O20 
3030 
1280 
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170,00 
213,00 
216,00 
246,00 
3.60 279,00 
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323,06 
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300,00 1.70 
570,00 2,30 
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ecccesce 


erowe Dave e8n322 


$2 Savy =S3 

1200 TIPE 1200 
eecoee Sete Steeee 
15,70 15,30 
16230 16,30 
12.00 13,20 
6.60 7,80 
1.60 
2.00 


paorice e 
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8 
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® 
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Pete e80207 


Sev 

TIME 

ecco 
170060 35010 
199,00 19080 
215.99 $1080 


286,09 = Ae20 
241.00 © ©Se30 
304,00 4,80 
320200 3480 
337.00 ©1080 
359.00 2600 
396.00 ©1020 


Date eerdia 
savy 663 
TIME 9200 


170.00 6.9% 
148.00 7.80 


237.09 
274.00 
263.00 
341200 
ea.00 
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r) 


Date ofo7ie 
savy 
TIME 


170.00 
170.00 
209.%0 
241.00 
20%,00 
209,00 
316,00 


nave e@osal 
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rive 


166.00 
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oe 
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Dare o90e18 OaTe e0esa Dare 001125 DATE 091220 Oete Fonsis Date roolee pate roe12e Cave Poo2st 


sevy ee gavv e? Skvy oa savy oY aavy Td 
TIME «1200 Time 1200 Time 9200 TIPE 1200 TIME 1206 
eece coccce ecce cocsce eeee coccce ecce ccccce cece coccce 
13290 176000 16.80 14.00 176,00 16270 
q 19.40 19.19 15600 269.00 15260 
4 10020 16,90 15030 275.00 12030 
11270 10.90 12010 302.00 14010 
e.a0 11020 10.50 
3.00 11.60 10070 
@.30 7,40 $1220 
7.10 10.30 
337000 =o 10 4,20 
015.00 o3e70 3.60 
| S72,00 0200 
| 1.00 
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gavy 7 guvy ve sevy 78 Stvy Ta Sevv 77 SkvY 76 gevv ve Savy eo 
TIME 1200 TIME 1200 TIMe 1200 TIME 1200 TIME 1200 TIME 1200 TIME 1200 TIME 1200 
sees eeetece eeece etee seeeet feta S8eee0 eeee serece eerte seeees eece eseeee 
H 474,00 14,80 174,00 16,80 174.00 148,08 
214.90 13.90 207,08 14,90 207.00 164.06 
245.0% 19.30 202,00 19,00 246.00 175.00 


282,00 11.90 285600 11600 213.00 
321.00 11.20 369.00 10260 265,00 
570,00 10.90 395090 10630 310000 
415,06 ©,70 835.00 10200 300.00 


431-09 %.40 893000 402,09 %,70 696.00 790 415,00 
$25.00 3660 006600 $07.00 $04,00 9,00 $37.00 3080 75,00 
001.00 fd S357200 505,00 9,20 570000 10 $1000 Se%0 492.00 20 
062.00 030 307.90 579,07 01,00 $865.00 efe30 $60.00 060 500.00) §=6100 
060.00 ©2600 397200 012,00 ©1,50 $0.00 2.80 
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04 
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a 35Me00 17 eGh SNF .00 2Ae.on 244.00 17030 
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eo 
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10.40 
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ea0 
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ga 
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gave 


214000 
261200 
279.90 
307290 
344.00 
391000 
35920 
371600 
€0%.00 
649.00 
$01200 
$29.00 
$51.00 
$60.90 
003-00 


name 
savy 
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103000 
146.00 
216.00 
251000 
279.00 
300000 
342.00 
841600 
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vsouos 
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sevy 
Time 


148,04 
172.00 
2neean 
242.00 
241200 
272.00 
309.04 
302.00 
380004 
SAR.ON 
15.00 
472.00 
487.00 
Gn7.Qn 
932.00 
$52.00 
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eo 
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2 
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enccce 
e.30 


13.00 
18.00 
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Care 
geavy 
Time 


143.09 
2716.09 
280.06 
272.00 
3028.00 
396.08 
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) 
9.00 
11200 
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11040 
7.70 
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3.70 


osouze 
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Savy 
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169.00 
209.00 
241090 
2o19n0 
270000 
264000 
Brieno 
343200 
353000 
354.09 
381000 
401000 
37200 
470.00 


229-00 
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34%.00 
303-00 
12000 
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«$7.00 
460200 
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oate 
Savy 
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0200 
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22000 
62000 
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134000 
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330200 
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Suvy 
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142000 
163600 
210000 
254000 
200000 
305200 
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309.00 


paorice e 


724208 
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16,50 
10.99 
14,80 
21.390 
16,00 
10.10 
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16.50 
17.00 
16.70 
12200 

@.20 

6,70 
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Savy 
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206,00 
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323.00 
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6.70 
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Savy 
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gevy @ 
TIME 1200 
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100,00 15.20 
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TUMe 


149,00 
109200 
207600 
254.00 
317200 
37a000 
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pate 
guvy 
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134,00 
195200 
198,00 
248.00 
323-00 
3of000 
390200 
490.00 


nate 
savy 
rime 


179,00 
203.00 
254200 
31%.00 
301200 
422.00 


oate 
guvy 
Me 


180.00 
196200 
705.00 
269.00 
31A.00 
3396600 
370.00 
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gavy 
TIME 


100,06 
182000 
191000 
222600 
200000 
3oze00 
332000 
352000 
373-00 
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1S,70 
13.19 
19,50 
41.16 
e@.20 
7,94 
3,38 
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eur 


Dore 
savvy 
Time 


199,00 
1Ae0oA 
272008 
262.0% 
331000 
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#V0008 
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@ 
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geyv 
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14%.00 
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270000 
244.00 
319.09 
349,00 
459.00 


Oare 
S@vv 
TIME 


178,00 
199,99 
236.00 
2°9.00 
37%,00 
390.00 


IF 


156,00 
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Savy 
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159,00 
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254.0% 
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345.00 
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12.90 
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3.00 
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8.00 
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Care 
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Time 


103.00 
133000 
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343.00 
307200 


oare 
Skvy 
time 
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142,00 
17V600 
226.00 
323.00 
559.00 


nate 
sevv 
rime 


168,00 
209.00 
206000 
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342000 
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suvy 
TIME 


171.00 
196000 
231000 
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545000 
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300000 
€25.%0 
460000 


OaTe 
$Rvv 
rime 


Os) 
182000 
195600 
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303-00 
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383000 
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10,40 259,06 
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“as Savy 
1200 Teme 
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2,00 300,00 
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e8os22 Oate 
ss Seev 
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350.00 
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309.00 1.60 
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39.00 = 9070 
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100,00 1000A 
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Savy 
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194,8¢ 
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oare 
gavy 
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134,00 


379.00 
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TIME 


140.00 
160.00 
243200 
273.00 
268.00 
392.00 


oare 
savy 
Time 


192.00 
206,00 
293.00 
306,04 
370.00 
400,00 
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TIME 


183200 
206.00 


evost) 
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Suvy 
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1200 
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eo01l7 


Se7.60 
300,00 
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savy 
TIME 


177,00 
262,066 
288,00 
308,00 


oare 
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106.00 
8 


3o7.00 


cate 
Savy 


183.00 
199,00 
221.00 
273.00 
321.00 
351.00 
413.00 


enozeo 
tT) 
1200 
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193,00 13.80 183,00 18,60 
VETO 15090 1900 15650 
225.00 b1e10 223% 10,0n 


163.00 15,60 183,00 18,00 $83.00 15000 121,00 
197.000 15.60 190,00 15,20 198,00 15650 158200 
225000 14010 295,00 11.20 P33000 10610 176.00 
273.00 %00 275200 %, 7A 25800 @.10 207.00 700 385.00 
310000 8.90 331690 8.20 279.90 $00 323.00 Se20 398,00 
340.00 $eS0 383000 1629 283.0% 8200 S2A000 3.10 371.00 3030 223.00 
304.00 «5080 828000 98o20 378.0% 1040 352000 1.40 835.00 o30 292,00 
08.00 +,40 280 505.00 1680 208,00 
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POCFILE 10 
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gevy 
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Savy 
Tyme 


191,00 16,00 17@,80 142.00 

212.00 13.20 198.00 211000 $3020 213000 13010 
234.00 10060 207200 210.00 226.00 

261200 %t0 237000 10620 226.00 261200 

307.00 254,00 295.200 

370.00 305.00 302.00 

402.00 00.00 330.00 347200 
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160,09 16.40 156.00 176040 17,10 175,00 16,70 195.00 198,00 
209.00 13060 200000 207000 13,90 211,00 13,60 211000 200,00 
233.00 12680 255.00 230040 225,00 12.70 23R.00 240,00 
273.00 920 2GA.00 220,00 12,90 273.00 267.00 
317.00 7030 28.00 236,00 11,806 354.00 392200 
302.00 2030 . 321200 295,00 7,70 368.00 340,00 
+ 010 671000 372000 541,06 376.00 3542200 
2010 618.00 375,00 377.00 
: @13.04 432.00 387,00 @n0,08 11.00 
1 623.09 457.90 610,00 7,80 625.00 53@,00 
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190,00 16610 166.00 196,06 158.90 190200 
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206.00 $4600 208600 202.00 256.00 
210000 11600 213000 239.00 393.00 
q 240 23%.00 277,00 305,00 
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08000 
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198,00 
210-00 
226.00 
263.00 
335.00 
300.00 
00 
00 
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190.00 
203.00 
247.00 
307,00 
303.00 
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10.60 
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22.00 
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20%:00 18630 18000% 14080 
207.00 13.00 
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309200 7.90 
337.00 S010 
307.00 20%0 
2.00 
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194.00 
194.00 
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223200 
206.00 
200.00 
335.00 
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23,10 
42.66 
13.60 
0.00 494.00 
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1369%0 
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158000 23.50 

165000 20.60 

197000 14.00 

233000 = 9.70 

273200 = 7.80 

350200) = 7480 

300000 = 4. 70 


430000) =—1680 


92 


7293901 


030123 
s 
1206 


Dave 
Savy 
Tame 


153.00 
161.00 
191.00 
257.00 
260,90 
303.00 
31¢,00 
3et.00 
341.00 
401.00 
621.00 


7120320 
ee 
1200 


evcece 


13010 
13.40 
heif 
7020 
@.50 
3038 


730310 


cave 
sevy 
TIVE 


pare 
gevy 
TIME 


933.00 


oare 
eRvv 
TIME 


217.00 
258.00 
304.90 
3a6,00 
361.00 
16,00 
065.00 
460,00 


30207 
e 
1200 


10000 
0.90 
0.10 
6.30 
0070 
O06 
1050 
0000 


Dare 
savy 
TIME 


153.00 
194.00 
212.00 
257.00 
270.00 
370.00 
390200 
©05.00 
030.00 
$21.00 


720534 
eo 
12700 


17620 
16.30 


30320 
109 
1200 


10070 
13.00 


oseeds 
’ 
1200 


26.00 
21.00 
13070 
230 
6.50 
010 
0.9% 
6.60 
1.00 
090 


ote 
Savy 
TIME 


199.00 
151.00 
10%.00 
105.00 
191.00 
226.00 
204,00 
30e.00 
39*,.00 
391,00 
21.00 
466.00 


oare 
savy 
rume 


178,90 
10%.00 
3 


377,00 


72060¢ 
06 
1200 


12020 
13020 
16.00 
160%0 
f1e7e 
9030 
7.50 
7.00 
6.70 
3.70 
$060 
2.90 


30603 
106 
1200 


10.00 
12099 


oare whe 


Dare 
savy 
TIME 


349,00 
199.00 
1408.00 
194.00 
235.00 
298.00 
395-00 
392.00 
377.00 
#00.00 
020.00 


are 
eavy 
Time 


171200 
210.00 
259.00 
310-00 
394.00 
390.00 
396.00 
691.00 
901.00 


Oare 
savvy 
TIMe 


100.00 
149.00 
210-00 
265.00 
276.00 
314.00 
392.00 
603.00 


Dare 
Savy 
Time 


163,00 
226.00 
201600 
320.00 
397.00 


Oare 
savy 
Tse 


177.00 
297.00 
307.00 
394.00 
605-00 
6$4.00 


es0321 
q 
1200 


23.30 
27690 


600020 


orizte 


oute 
guvy 
AP Sal 3 


199,00 
209600 
227006 
241290 
327.00 
34m 000 
43% 600 
471090 
S03-00 
930,00 


nore 
guvy 
vine 


170600 
216000 
200000 
319200 
396,00 
309.00 
091200 
$02.00 


oare 
savy 
rise 


164,00 
180200 
217200 
202.00 
293.00 
342.00 
30G.00 
373.00 


es0co9 
19 
1200 


18,00 
1@.4n 
10010 
6,20 
0.494 
oes 
tC) 
230 
0.0" 
0,04 


esitnt 


eeling 


oare 
sevy 
TT 


145,00 
1A2.nn 
25004 
240.0" 
247.09 
30120% 
3°1.00 
73.0% 
078.00 
$91.00 
$273.09 
$01.09 


fare 
eevv 
Tink 


296.04 
216.04 
20%.00 
319.00 
*11600 
648.00 


nave 
geavv 
rise 


152.00 
171.00 
253.00 
208.0% 
351.04 
630.00 


Oare 
ePrvy 
TIME 


178,90 
219.08 
265.00 
342.00 
391.08 


nare 
gevy 
rime 


187.0" 
165.04 
173.400 
19S.00 
ane.on 
255.00 
310.0% 
395.00 
3eo.on 


esoueu nave 


im) gevY 
1200 rise 
eoccce eeee 


23.70 174,00 
21040 2Oee%0 
12eSu 24300 
9.40 284090 
%7e%O 353040 
8.50 375200 
7000 491090 


10 =465.00 


osras hare 
19 Skyy 
1200 Time 
ecccce etee 


13020 105400 


$1080 169600 
6e50 20%00 
0% 201500 
SeSo 310000 
210 = 3e%e00 

20000 
960000 


oso2ie oare 
OnvY 
vise 


23,00 109290 
21000 214000 
8650 20%600 
TeWo = BL%e00 
2.10 378600 


ores Hare 


eooill bare 


“5 Seve 
4206 bE hel 3 
eeccece etee 


17.9% 197.06 


oSosoe vate odnei? 
12 Sevv 3 
120 TIME $200 


101,08 23,70 
141,00 21,00 
202,0n 16,90 
220,00 
202,00 
350.00 
344,00 
434,00 
$10.00 


eooooo 


040108 Oate oeniat 


20 Sevy a 
120 Time 1200 
wencce Pere ceccce 


23,50 172,00 22,00 
22.99 217.00 81,00 
13630 253,00 %,00 
0.90 300,00 3.70 
o.30 397,00 


PROFILE 11 


eSoai2 Oate eSnge? 


ea Savy 
1200 Time 
ewccce Sere eecece 


22,70 164,00 24,00 
12.20 192,00 14,80 
@.00 215,00 14,00 

@.90 «265,06 a,%e 

1.60 334,06 7,90 

579,00 @,20 

432,00 90 

a72,00 o,20 


POOFILE 11 


evors ate erosol 
Savy 7 


Sete Seeeee 
177,00 23,70 
813,00 14,90 


203,00 $,00 
311,00 ©6440 


PeOFILE 11 


eects Cate ebny2e 


oe Sevv as 
20 TI*E 1200 
eeecee Pate Stents 


17,70 179,00 21,96 


500,00 


93 


Oate e30710 
sevy 46 
TIVE 1200 


180,00 20,06 
207,00 12.80 
200,06 &,70 
260,00 01% 
359,00 6.30 
379,60 Teed 
068,00 7.70 
$06.90 Cry ul) 


Oare owosie 
qavy @2 
Tyme «1200 


147,00 
179.00 
210,00 
253.00 


Ove efo018 
Savy wn 
Tre =1200 


15%.00 23.00 
104,00 19.50 
216.90 12639 
200.00 8.46 
340.00 6.350 
30?,00 3.90 
€08,00 1200 


Mate ehoidy 


cee 
gevy 
VIFE 


148,00 
19,08 
ar2.ce 
243.00 
2ee.ce 
391.09 
#00060 
095,00 
$0.0¢ 


nate 
guvy 
vine 


140.09 
161,00 
175.00 
197,00 
239.00 


nate 
gevy 
VIFE 


16,00 
177.00 
262.06 
224,08 
261000 
272.0¢ 
240.00 
yoe.ce 
339.00 
350.00 


@s0018 
1s 
1204 


21.60 
18.$0 
17.80 
e.9¢ 
®.10 
b.2d 
7.80 
7.A0 
0000 


e00Sis 


eecie? 


e702) 


eeoecr 
a’ 


1200 


Oete o30%¢S 
Savy 
hee 


174,00 
715.90 
740.00 
232.90 
274.0% 
322.00 
3o0.0¢ 


@26.00 
451,00 


Mave eaorss 
sevy 
Time 


ate efozie 
Savy 66 
Yee «200 


176.00 19.00 
179.00 21690 


sang 


oare 
savy 
TIME 


cece 


170,00 
177.90 
203-00 
235-00 
277.00 
290000 
323-00 
330.00 


oare 
savy 
TIME 


172,00 
1448.00 
224,00 
276.00 
327.00 
377.00 
11.00 


Dare 
gayy 
TIME 


170.00 
212-00 
265.00 


512.00 
$29.00 


oare 
tavy 
TIME 


175200 
219.00 
255.00 
300600 
351-00 
606.00 
@A0.00 
$20.00 


e60220 
ae 


090129 
s7 
1200 


16,00 
16680 
M1010 
8.00 
700 
2.90 
271060 


709225 
Ya 
4200 


13.80 
11630 
9.0 
7.60 
S.n0 
2.30 
0600 
#240 


nave 
QHVY 
TIME 


109.90 
177200 
193000 
244000 
229.00 
2040) 
307200 
394.00 
390200 


pare 
aavy 
rise 


172.00 
219.00 
253200 
292.00 
319.00 
344.00 
381200 


mare 
envy 
rime 


170000 
213600 


6527.00 
$0200 


@Ad22a 
$o 
1@oo0 


18,70 
21.70 


e90914 
se 
1200 


1o,¢0 
Wtegn 
9.20 
oun 
@.20 
9.50 
1.09 


071528 
0? 
1290 


13,70 
12.50 
@.an 


vons0s 
tA) 
1200 


Dare ©80300 
Savy $1 
Ther 3200 


169,09 18.70 
176,09 21080 
19%.00 $6690 
273.00 12020 
4 


Dare e@22u 
sev e0 
Tre «$200 


0,06 7.30 
172.00 $060 
271.00 11640 
25100% 10090 
2Aa.nn @.40 
310.00 oll 
372.00 1e30 


Dare e*1220 
gevv 06 
Time 1200 


171,00 
241.00 
316,00 
3o1.00 
4.00 
672.00 
$69.00 


Dave 7oosie 
gevy vo 
TIME 1200 


174,099 
212.00 
257,049 
366.00 
389,00 
aOy.00 
ave.on 
077.00 
SA5.09 
$19.00 ©+20 
$00.00 e150 


OaTe 
sevy 
rime 


10@.,00 
176.00 
194090 
210000 
2 


oate 
Snvy 
rive 


172.00 
179000 
222-00 
200000 
340000 
600000 


Oare 
Skvy 
TIME 


190.90 
237600 
202000 
320000 
3e2-00 
402000 
038000 
$6500 
005-00 


nate 
gkhvy 
rine 


eree 


174000 
222000 
263000 
304000 
3o1eo0 
385000 
413600 
448000 
485-00 
$22.00 
3543000 
$93.00 


PROFILE 13 


eoosie 


Te ebay322 


PROFILE 11 


eec22e Dave e90310 
e1 Sevv 62 
1290 TIME «1200 
eeeeve Sete Seeee0 
10.00 172,00 16.60 
10.70 222,00 11,10 
11.00 272,00 16,60 
10-30 312,00 7,20 
00 373,00 260 
1690 631,06 o,60 
480,00 ©5,00 
PROFILE tt 
eevcccce 
190115 OarTe Yony22 
oe savvy mm 
1200 Trme 1200 
eecene See 88eee° 
16,50 190,00 16,30 
10650 206,00 15,70 
@.20 280,00 16,40 
7.00 282,00 @,00 
7.390 324,00 7,00 
#070 376,00 7,10 
2.00 432,00 2,60 
e240 463,00 3,00 
22.30 $12.00 280 
$$0,00 ©,60 
000,00 2,00 
TOOSLA Date 
” Savy 
1200 TIME 
eocese eee 
174,00 
230,00 
268,09 
530,00 
566,00 
410,00 
438,00 
665,06 
$10,006 
$30.00 


oare 
Savy 
Tame 


erece 


Oare 
Savy 
Time 


173.00 
190,00 
219.00 
260.00 


Oore 
Savy 
TIME 


177.00 
204.00 
2401.00 
766,90 
334,00 
3A. 00 
@34.00 
676.00 
498,00 
$2.00 
$0.00 
SAA,N0 


eA0sa? 


roo1ae 
"1 
200 


15010 
14.30 
beat 
%.00 
@.0¢ 
7039 
3.46 
2.76 
2e10 
070 
21650 


700612 
79 
1200 


Cove 81119 
gevv 6s 
TIPE «3200 


#0200 7.70 
137.00 164.60 
182,00 14.20 
198,00 16080 
225.00 
255.00 
260.00 
fea.00 
330.00 
330.00 
380.00 
090,00 


Nave wens2y 
savy oe 
Tre =61200 


109.00 6.30 
1¥B.00 10.08 
172.00 1he50 
1°00 
224.00 
282.00 
294.00 
322200 
372.00 
52.00 e3e20 


OaTe Poo2I1 
savy 72 
TIME 1200 


172.00 15000 
215009 11070 
262.00 12650 
205,00 850 
330200 7630 
20,00 3.00 
#02.00 Od) 
$77.00 e1000 


oare 700¢30 
gavy 
TIME 


171.00 
207.00 
275.00 
325.00 
372.00 
22.00 
GA7200 
692.00 3e60 
$07.00 1600 
$93.00 o.50 


Oete e90117 
Suvy se 
TIME «1200 


122,00 
175.00 
225.00 
307,00 


Date e*oere 


ders roo21e 
sevy 
VIrE 


176.00 
208,00 
237.00 
276,00 
337.00 
395,00 
@77.00 
$16.00 


note ror2ot 
Suvy 61 
TIME «1200 


ebee esccce 


159.00 15679 
183.00 
207200 
259.00 
287,00 
320.00 
302.60 
#17200 
#07,00 
$07.00 
S2e.00 
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1 
. | 
i 


Dare vorgse 
savy 
TIME 


109.00 


OAte Visdos 
0 
TIME 1200 


15.20 
12.8% 
2.00 
7.90 
@.10 
5.70 
2.90 

«70 
2020 
002.00 2.80 


OaTe 720800 
ervy iT) 
TIME 3200 
ecce evccce 


13,00 12.20 


Dare Ve0002 
savy 107 
TIME 200 


$91.00 


Care T10t0e 
Savy = aN 
Fire 1800 


Date 720108 
seve 9 
rie 1200 


102,00 
193.00 
240.00 
305200 
373.00 
693.00 
$11.00 
$35.00 
$80.00 


OaTe 721208 
SevyY fon 
TIME 1200 


10,00 
13.76 
18.60 
14016 
1a.16 
2.78 
10010 
@,74 
S.$0 
5.00 
1296 


DATE 730011 


SRvy 108 
Time §=1890 
ecce © 


mare Mioei2 
savy 64 
tive 1200 


15230 
11280 
%.20 
7e49 
S00 
3.80 
230 
1e%0 
fete 

020 
017.00 270 


pare Faersi 
savy 62 
TI™e «4200 


18.20 
13.2e 
12.90 
e200 
7.00 
6.30 
@e10 
02% 
2% 
#230 
2070 
#1200 


372.00 


Ore V31218 


G735,08 ©1260 


Oare 
S*vy 
Time 


192000 


pate 
gavy 
rive 


192.00 
232000 
265.00 
337200 
3€3000 
092200 
S$02000 
$37.00 
$397.00 


PROFILE 11 


T10808 Date 
6s Sevy 
12ro iB hal 3 
eeceee eee 
170,00 

192,00 

207,00 


200.00 


710008 
fe 
1200 


16,50 
12,10 
11,80 
@,20 
7,30 
5,80 
3.10 
1,90 


Dare 
SRvY 
TIME 


207.00 


T10ece 


Nare 
sevy 
TIME 


16.00 
192.09 
290200 
209200 
310200 
372.00 
23.00 
©3000 
633.00 


720301 
os 
1200 


720208 date 
bal Sevy 
1290 Tre 
eeccces eeee 
12,60 165,00 
@.90 142,00 
"1 
eosecece 
730206 
102 
1200 
eeeese 
15,60 
12.860 
12,00 
11.20 


12.50 


PROFILE 11 


95 


oare 
Savy 
TIME 


174,00 
183.00 
239.00 
260.00 
267,06 
242.00 
332,00 
372.00 
€00.00 
432.00 
77,00 
$02.00 
$32.00 


V303i6 
106 
1200 


15.30 
13.00 
11.00 
12.59 
14200 
7.54 
5.00 
3.29 
2.00 
2.60 
eo 
2.80 
1290 


pare 
savy 
TIME 


108.04 
102.00 
255.00 
337.00 
622.00 
84,00 
$42,06 
$92.00 
012.00 
032.00 


° 
$12.00 


710011 
ae 
1200 


pare 791008 


suvy =6@ 

Tie §=1200 

wore coccce 
10@.00 %4010 
192.00 12080 


vars2n 


759320 
iss 
1200 


16020 
13.60 
12079 
11240 
Yield 
12.90 
14260 

7080 

020 

3e20 


S2e.00 2690 
$82.00 e010 


patee720531 
savy 8? 
TI"e §=1200 

eete geeree 

157,00 15206 

107.00 19670 

12000 

11636 

@e10 


OaTe 720809 


059.00 


OSTE P3¥NGNS OATE 730019 
10° sevy 107 
1200 TIME 1200 
wore ccccce 
12.54 
det? 
12.80 
18,¢9 
10,00 
7.80 
9.00 
6.08 
7,.¢0 
200 
2.80 
2.70 
655000 t.a0 


729.00 
768.00 


Dare 720609 Hate Farad 
savy ‘ ae 
Let 4 


222.06 
22%.00 
/ 264.00 
i 255.04 
} 277200 12060 309-00 
300000 12620 394000 
365209 


Oare 
enyy 
Time 


663.00 


oere 
$evv 
Tiek 


wece 


272,00 
395.00 
343.09 
$4.00 
G77 .0 
865.00 
510200 
$60.00 
S°7.00 
027.00 
77.00 
097.00 
717.00 


r21205 


PROFILE 42 


O47e T30103 Oate 730200 Osve 30213 OsTE 50310 
envy tot Sevy 102 


savvy toe 
TIME 1200 


TIME 


15.00 
17.40 
16,4¢ 
122% 
32230 
12.80 
10.30 


706.00 


PROFILE 42 


DATE P3y18 
sevy 100 
TIME 4200 
etee seecet 
13.10 
12.30 
13.00 
12.60 
10,5 
9.50 
0.80 
5.00 
2,30 
aT) 
690.00 «= 00 


PROFILE 43 
eccccece 

730103 739200 Cate 730213 nete 730310 
101 192 savvy 103 savy 196 
1290 1290 TIME 3200 

eececoe eeeace eeee eeeeece 
13,50 12,66 262.00 12.90 
12.50 11,00 309.00 12.40 


333090 10.70 


19,00 348.00 10.64 
13,30 802,00 t3e2e 


732.00 


96 


OstE V303e0 
savy 
TIME 


ate W303ee 
Savy 105 


PeOFILe 13 
eerceceses 
Dave Fi0er> 730913 OATE 7332)° 
108 gevy 
Time 
PROFILE 16 
ecccecce 
OaTk P2ieg3' Hare Far2os OATE 730103 Date 
gavr te sevy 100 Sevyr tet Savy 
Tiwe 1249 Time 1200 TIME 1200 TYME 
Seee eeeeee eCee Seeee0 eece Seeeee etee eeecees Sete 
21.20 146,20 267,00 
23.20 11260 
22.30 12.20 
20.90 8.00 
14.40 10.660 
11.00 11250 
12.30 11.30 
@.an 11.20 
10040 7.80 
10.90 $.00 
10630 3.79 
9.70 4070 
10c0n 21.00 
6.9m of3.00 ©0640 
7.96 
0.80 
6.400 
2.90 
071.00 of.¥4 
PROFILE 146 
eeeecees 


DATE 730803 Oate P30049 pare 750015 Oave 73121¢ 
sevr {06 gave tor savy 108 Savy 10% 
TIME 1200 TIME 1846 TIME «63200 TIME 1200 
eeee eeecee Seeece eeee Seeeee etee eeeuce 
270.00 32.50 18050 243.0% 11690 203000. 16,80 
120860 120860 368.0% 12010 296600 11,70 
9.00 320.00 8660 308000 12,20 
$1010 348,00 10080 333000 6,00 
1hoge 008,00 22630 Jotedd 10,00 
1201 680.00 11020 12,00 
10600 GA7.00 ©6970 11,20 
0.10 $30.00 7.80 11,60 
5 $000 SAn.0% F000 11,50 
3080 SAS.00 10630 @,30 
4.76 $40.09 8.30 @,70 
200 626.0% %.90 ©,30 
#200 630.00 8580 3,00 
036.00 6070 2,80 
; 071.00 2020 790000 04,00 
796.08 8006 


97 


730200 oate 
tee savy 
1700 TIME 

eoccce cove 
11,80 279.00 


® 
706.00 


730213 
3103 
1260 


12.30 
12.30 
6.70 
10,90 
11.S0 
11.50 
6,00 
6.$0 
4200 
280 
21,00 


oate 
aavy 
TIME 


270.00 
207.00 
393.00 
328,00 
350.00 
3928.00 
©17.00 
656.04 
043.00 
$20.00 
S$er.00 
003-00 
038,00 
067.00 
r14.ce 


Vso3ie 
398 
1200 


13.60 
112% 
12030 
8.70 
19070 
11250 
11200 
11050 
16260 
7.60 
Ae20 
5.80 
5.10 
260 
oteoe 


T30Se6 
108 
1200 


12.76 
12.20 
10.00 
0.30 
10.80 
W020 
11260 
ttoee 
10080 
0.00 
$030 
3010 
2.00 


| 


Carte vaneoe oate 

sevy 0g savy 

TleE 1200 Time 

eecee eeeeee eeee 
10@,00 


235.09 


075.00 


747.00 
707200 


vsouns Nate 
100 SuvY 
1200 rime 
eeccce ecce 


13610 208200 
12030 309.00 


0600 74000 
799.00 91690 688.00 


Oare 
gave 
Tie 


203,00 42,90 199,00 
225200 16070 224000 
255600 
204290 
306000 
354.00 
395.00 
834.00 
467600 
Saeedo 
58% 200 
005000 
©33.00 
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APPENDIX E 


PROFILE ENVELOPES 


The profile envelopes in this appendix show the maximum and minimum 
elevations measured along each profile line. The seaward ends of the 
profile surveys have been connected by the automatic plotter, but do not 
represent actual profile closure. Since these are envelopes, the plotted 
upper and lower bounds do not necessarily represent a profile that 


existed during any of the surveys. 
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